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o Start to Steam highlights (GNS)

*Geothermal Development stages — high
level discussion(GNS)

*Public/specialist education

T

*Indigenous relationships(Contact Energy)

*Environmental considerations (Mitchell
Daysh)

*Drilling and well service (MB Century)

P& K7 (Taupo)
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*Te Huka facility (26 MW Binary plant;
Contact Energy)

*Te Mihi facility (166 MWe Flash plant;
Contact Energy)

*Wairekei-Tauhara geothermal field

P& K7 (Taupo)
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HERF{E Rotorua #&H
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*(Geothermal policy and regulatory
framework (Waikato Regional Council)

*(Geothermal policy and regulatory
framework (Bay of Plenty Regional
Council)

*Geothermal as a resource for indigenous
people (Local Twi)

T

*Development History of Ngatamariki
(Mercury)

*Geothermal as a resource for indigenous
people (Maori 1wi groups)

*Open forum, discussion, questions (GNS)

ZEFTE& nH(Rotorua)
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CEFEREOo- BRI
(Wellington)
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*Electricity distribution in New Zealand,
focus on distributed generation and

J# B2 TE(Wellington)
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renewables (Transpower)
*International transaction support (NZ
Export Credit Office, NZECO)
*Economics of geothermal projects (Contact
Energy)

e -

*Ministry of Business, Innovation and
Employment (MBIE), Energy Section

*Energy Efficiency and Conservation

T Authority (Vince Smart)
G
*Joint meeting with MBIE and EECA
followed by Q&A
\ [ R H- B v
;SiH 5 A
R | BN DI (Auckland)
e
* Auckland University Services
B R R -
*Introduction to the Geothermal Institute
*Educational courses — training the
s engineers of the future
3716 °Geotherma1 regulation - an NZ & global B9 B Auckland)
) perspective
*Electric Power Optimization Centre
(EPOC) - Modelling of modern
electricity markets
* Advanced geothermal reservoir modelling
H14~ | eWrap up and discussion
N4 | *Mount Eden (OKLLIET) 218
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Geothermal Development: Cost versus Risk
(World Bank study)
High 100%
: :
{10 (6]
8 2
g ®
o 35
g
Moderate 50% O
P
Low Lo 0
g § g 2 2 = 1 %E
o e g & g ® 0 s
= o or i S oF
Development |l-='ublic Sector Leadership & Fundingl | Fully Public / Public Sector Subsidies & Incantives ]
Model Public Privata P i blic Privata P, ips or Private Sector

BiFEl 3 ~ B 2 A BRET RS Fl RS s 2SO

Key Messages
* How robust is the Tatun conceptual model?
» QA datasets

* Need to have confidence that data is reliable
» Integration: geophysics, geochemistry, geology
« 3D mggel}ing

15000 Masao

10001

w

00 T

O

. Elevation (m)

E

-1000
: Decreasing magmatic
-15000 1.7 ale/meteoric
Marrow Vapor Chimuey Siabe
~2000- {fracture controlled)
01 2KM Surrounded by Liquid Reservoir
| T T

=2500-

fiffEl 4 ~ S AT A E EREE E = A -
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Continental-type
(N2)

Types of Volcanic Geothermal Systems

Island Arc-type
(Taiwan: Tatun)

ANDESITE VOLCAND

— 0

— 100

JF_ J—

7o i —

IWTRUEION
(with HCH, €0, 80, K0 P cowaFiow
.

+ Silicic volcanics, deep heat source
+ Minor secondary (acid) fluids
+ TVZ, Yellowstone, East Africa Rift

« Andesitic volcanism, shallow magma
+ Secondary (acid) fluids
+ Indonesia, Philippines

Elevation (mRL)

FiE 5 - RPEHII S

AAMEZHZERGT -

Well Drilling - Significant Activities

Drilling 36% 16.2 days
Tripping 15.8% 7.1 days
Run & cement casing 6.9 days
15.4%

Wait on cement 6.9% 3.1 days
Quench/control well 5.9% 2.7 days

Nipple up/down BOP 2.1 days

4.7%
Reaming 4.2% 1.9 days
Condition hole 3.98% 1.8 days

@ MB Century 2043

Assume total 45 days to drill the well

fflE 6 ~ MB Century $8H- /A 5]58 1 L2 & TERMES 7L -
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Contact's Geothermal Generation

2017
Capacity  Generation
Name Commissioned Type Field (MW) (GWh)
Ohaaki 1989 Flash steam Qhaaki 0 336
Paihipi 1996 Flash steam Wairakei 55 403
Te Huka 2010 Binary cycle Tauhara 28 189
Te Mihi 2014 Flash steam Wairakei 166 495
Wairakei 1958, 2000 Flash steam/binary cycle  Wairakei 132 1121
g— 200
z Total
Q
§ 431 MWe

o installed
capacity
I
, I

Ohaaki Poihipi Te Huka Te Mihi Wairakei
Facility S

BffE 7 ~ Contact Energy A\ S| ZVEE R BN EE

Te Huka Power station — simplified concept

ORMAT Two-Phase Binary Geothermal Power Plant

ffiffEl 8 ~ Te Huka S 8RR ORC BEIEIR 247 -
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Te Mihi Power Station

Pressure Tamparatura Flow

Fiasly anl 183 4.4 BarG 1646 C 130.4 kg's

plaamiioll Walls

»

Intermediate pressure staam Unit1 T7.6 MW

Unit2 78.9 MW

Low pressure steam
Statlon output Total 1550 MW

Geothermal Total 380.9 MW
Contact Total  930.5 MW

[ Separated Geothemmal
L Water

17T i

Paitip Ramjacion

)
s

Conkng Water Fumps Candensate |

seph | - @
_.‘ LP Saparaisd Geathormal Wialer (Brine) Harapiti Reinjacton

Karagili Reinjaction Pump Station

e

¥l O ~ Te Mihi 52 EERgER PSS A B2 20850

Bl 10 ~ Wairekei #2000 Hr#=35 Ji
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| Te Mihi
Power S1aton

Shallow system boundary
Wairakei
FPower Station

AR
AL
Al
)

FslE 12 ~ 3
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North - south cross section through the collapse crater - Champagne Pool vicinity

North South
350 m+ Champagne -
Visitor Centre  cqjlapse craters Pool /coilapse crater i
i [ Alum cliffs g BDP
rmmmm!” i 8
i / sillicification i
300 m - E
1= " ™t i m-— - -— . .y — 3
kaolin " 4 o
. ~. | F150°C
—
250 m - 150°C E
~175°C
0 100 = 200m
BDP is boiling temperature at depth indicated
= e Vi gy hvA =
fEl 13 ~ & EE A > mE-16 77 I S
T e T
i & 1750 ’X B Mercury New Zealand Ltd & Partners et
N w . g
| 5o ey - 2 | Mercury New Zealand Ltd / Multiple Tappers ~—
S fv&'\;- L) i Contact Energy A
i - — .
Y . Development L {
E‘%‘ # 6: - E 71 Limited Development - - - - - _i-_}'l'_gl_ﬂa_k_e & <
S LTpan i A A ) ° Conditional Develgpment | L) -
s e S A ey 8 lReseach | > gspeere Rotoma @Kawerau
£ Activa volcanoes ‘-:;z 4 | Protected | I."':.'E"']ROTO.I'Ua a
Aitiva fault I .'. = :
- ~ pTarawera
F r e
Mangakino _.* RN 4 Waimangu
- £ _,A’tiamurif_?f- Te Kopia _L‘)W:-:I_i.(')lapu
;I Orakei Korako-, w e
Mokai - L_Ohgaki
ALSTRALIAY OTaI . I ‘l -’. o
PLATE 1 Ngatamariki ~
/ Wairakei| ) P Rotokawa North
i e .
2 I:\ “STaphara Is I an d
o Lake =
i Taupo & K
,’ffj—_ ! f"/ \ (_/
'__A"- . s '“-'/L'ak'e Taupo
é --srL\.INCII‘ 4 Jlf;
& . 1 Tokaany-
i  -—- Young TVZ Boundary 100 km
S 1iu‘- .r\;n o 123 ,:n‘n ; — 40_km

map: Reyes and Jongens, 2003

FfffEl 14 ~ Neatamariki 3 ZA&E 2B (i B &
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THEN: CONCEPTUAL MODELS IN 2D

grmediate Aquj

NOW: CONCEPTUAL MODELS IN 3D

FffiE 16 ~ Noatamariki 08 28 g — 4=
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Kawerau Geothermal System

1
Southeast Northwest

Production Borefield

Tasman pulp & Highway
Mued chiceice contenssie PAPE mill SH30
40 Groundmtber s

- -

Bl 17 ~ Kawerau #7233 5 g 28 2 47 B

Kawerau Geothermal Development

Kawerau township Investigation for further NTGA manages 89,000 of the total
founded electricity generation geothermal consented take of
170,000 tonnes per day;
Tasman Pulp Mill In-field reinjection
Opened NTGA ownership of
geothermal supply business
Deeper wells due to inflow of
groundwater Multiple tappers; deep
production, edge-field
reinjection
| 1 1
1950 1955 1960 1965 1990 1995 2000 2005 2010 2015 E
| ] _'_l
1
o <1 bar; shall Total reservoir p drawd, <6 bars; production decli
drawdown 0.3 bar (3 m drawdown) 4-4.5%/yr; enthalpy decline 1.5%/yr
Surface thermal Thermal features Reduced brine discharge Thermal features expected to continue to decline; ground
area 1 | 1 declil to Tarawera River subsidence is monitored
declining
Modified from Bay of Plenty Regional Council, 2017 {www.bopre. gove. nz/e gion-and-envir /e ste

g . %/ ¥
Source: 5.0. Milicich et al. {2016] Geothermics 59 252-263

TUWHARETOAR MATI KAWERAU KI TE TAI 2017

FiflEl 18 ~ Kawerau M 20as 28 W a5 2 FE A2
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Impression NZ - Taiwan electricity system

NZ Taiwan
Installed capacity (GWe) 9.5 43
Av Annual Demand .

~1/0 e 0?
Growth (%) Low (-1%) Higher (4-4.5%?)
Thermals Coal (0% 20307) and Coal (40%), Gas (30%),
(partially) gas closing Nuclear (20%)

Geothermal potential ’ )
(GWe) 2-4 33 GWe?
Geothermal installed 1 GWe < 10 MWe?
capacity
Feed-in-Tariff No FIT / subsidies USS 200+ / MWh

FfEEl 19 ~ AtPH R &8 2 #h 2R R B EEEL

NEW ZEALAND ELECTRICITY SYSTEM

New Zealand’s electricity system

* |nstalled generation 9,800 MW

L., & * Peak demand 6,750 MW

* Total energy supply 43,000 GWh/yr
* Connected by 700 MW HVDC link

* Power mainly transferred northwards from
southern hydra systems

» Large thermal plant in north island aids peak
demand and dry years

b 20 4P ) AR
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A LONG TERM GEOTHERMAL STRATEGY

—— 980 MW &
Over sixty years of development 7,500 GWhr
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KEY FEATURES OF NEW ZEALAND SUCCESS

* Government funded early exploration including exploratory drilling
* Wairakei and a number of subsequent plants built by state electricity corporation

* More recent projects have been “brownfield” using existing information collected
by government activities

* Geothermal is treated like water — rates of withdrawal and reinjection defined
. : .
* Resource consent processes well established

Geothermal commercially attractive within available energy mix

NEW ZEALAND
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